Background {#Sec1}
==========

The completely edentulous condition due to progressive loss of teeth causes esthetic and functional problems. The high degree of success of dental implants makes clinicians and patients increasingly implants for the rehabilitation of edentulous jaws. Implant protocols have been used with the aim of improving the oral and facial characteristics of completely edentulous patients: overdentures, implant-supported, and full-arch fixed implant supported prostheses. Implant-supported prostheses have been reported to be an integral part of prosthodontic treatment planning, with high success rates and low postoperative complications \[[@CR1]\]. In addition, fixed restorations provide a feeling of similarity to natural teeth and a sense of psychological stability \[[@CR2]\], which is a good response in completely edentulous patients \[[@CR3]\].

Immediately placed and immediately loaded implant rehabilitation has spread in the clinical setting, but situations such as poor primary stability may compel the dentist to follow a more conventional placement and a delayed loading protocol \[[@CR4]\]. Previous studies reported that an immediate placement and immediate loading procedure is an effective method with a reduced treatment time \[[@CR2], [@CR3]\] and sufficient acceptance by patients \[[@CR2], [@CR4]\], and it allows immediate function and an improved appearance \[[@CR5]\]. Immediate placement and immediate loading is also associated with high survival rates and has been met with increased patient satisfaction \[[@CR2], [@CR6]\]. Several modalities have been reported for immediately placed implants and immediately loaded fixed prostheses and subsequent rehabilitation: 2 to 6 implants in the mandible \[[@CR7], [@CR8]\] and 4 to 12 implants in the maxilla \[[@CR9]--[@CR12]\]. The 3-year cumulative survival rate (CSR) of "all-on-4" was 96.2% \[[@CR13]\], and a 5-year survival rate of 6\~12 implants immediately loaded with a cross-arch fixed restoration was 95.3 to 99.29% \[[@CR14]\]. However, the clinical outcomes may depend on the clinicians' levels of training, experience, and skill \[[@CR5]\] as well as proper patient selection.

In general, studies on implant survival tend to occur more than studies of patient satisfaction after implant placement. However, expressions of satisfaction can be important information for dentists to improve the quality of dental care \[[@CR10]\]. The present study retrospectively assessed the 1-, 5-, and 7-year CSRs of immediately placed implants and the satisfaction of patients in terms of chewing ability, appearance, and overall satisfaction with full-arch rehabilitation. Furthermore, the risk factors for implant failure were analyzed.

Methods {#Sec2}
=======

All patients provided written informed consent for participating in the study and procedures. The study was approved by our institutional review board (WKIRB-201511-BM-002). Three reviewers (two dentists and one hygienist) carefully reviewed patient charts and selected patients who met the eligibility criteria during the study period from February 2008 to May 2014. The inclusion criteria were either a poor prognosis for both the maxillary and mandibular teeth or completely edentulous jaws, and sufficient residual bone volume to receive implants at least 3.0 mm in diameter and 8.0 mm in length. Patients participating in this study were systemically controlled, and the study excluded those with uncontrolled systemic diseases. Figure [1](#Fig1){ref-type="fig"} shows the period of follow-up and the time of the patient's implant failure.Fig. 1Observation periods by subject. The number at the end of the line indicates the period of follow-up, and the number in the middle of the line refers to the time of implant failure. ( ) represents the follow-up period of another jaw of the same patient

All subjects were evaluated using intraoral and extraoral clinical examination, including radiographs (periapical, cone-beam CT, and cephalogram). Compromised teeth with an unfavorable prognosis were extracted due to root caries or severe periodontitis. The mean number of extracted teeth per patient was six in the maxilla and seven in the mandible. Implants were placed in the fresh extraction sockets for immediate placement and in the healed sites for the conventional placement \[[@CR15]\]. Selection criteria for immediate implant placement were atraumatic extraction with a minimum of 3--5 mm of intimate bone to implant contact \[[@CR11]\]. The average number of immediately placed implants per patient was 3.73 (standard deviation, 2.51), and the average for immediately placed implants in the maxilla (3.96) was approximately 0.5 more than that of the mandible (3.50). Based on the anatomical locations and bone quantity, conventional delayed implants or immediately placed implants (Osstem Implant Co., Ltd., Busan, Korea and Dentium Co., Seoul, Korea) were installed in the maxilla (one in the first molar, two in the second premolars, and one in the incisor on each side) and in the mandible (one in the first molar, one in the first premolar, and one in the canine or incisor on each side). The installed implant was an internal connection type and had a diameter of approximately 3.4 to 7.0 mm in the maxilla and 3.0 to 7.0 mm in the mandible. The length of the fixture was approximately 8.0 to 14.0 mm for both the maxilla and mandible. A tapered type fixture was used in the maxilla for the purpose of increasing initial stability. The implant was placed parallel to the adjacent tooth before extraction or in as vertical a direction to the crestal bone as possible. The implant was placed under a force of 50 Newton-centimeters as the maximum torque.

Immediately after surgery, a provisional removable complete denture was placed in the maxilla, and an immediately loading fixed full-arch prosthesis was placed in the mandible. One-piece fixed prostheses were fabricated using provisional titanium cylinders abutment and a self-cured acrylic resins (SNAP; Parkell, Edgewood, NY, USA) and were cemented to ready-made abutments with TempBond (RelyX;, 3 M, St. Paul, MN, USA). For implants for immediate loading, a screw-type implant with a diameter as wide as possible was used, and a progressive loading occlusion was established \[[@CR11]\]. After 6 months, a 2nd surgery in the maxilla was performed. Final prostheses were fabricated with an SCRP (screw cement retained prosthesis) type and were cemented (HY-Bond Polycarboxylate Cement; Shofu Dental Corp, San Marcos, CA, USA). When the SCRP type was not applicable, according to the path or position of the fixtures, a cement-retained prosthesis was set with temporary cement TempBond (Fig. [2](#Fig2){ref-type="fig"}). The metallic occlusal surface was used for the posterior maxilla to prevent fracture, and the occlusal surface of the mandibular posterior was made with ceramic.Fig. 2Patient after full-arch rehabilitation with immediately loaded implants. **a** Panoramic radiograph after surgery **b** Final implant supported prosthesis

In the current study, the criteria for implant failure were as follows: 1) failure of osseointegration, 2) the confirmed presence of uncontrolled or \> 50% loss of the bony structure around the implant, and 3) the presence of pain during function or percussion after completion of the final prosthesis. These criteria were based on Albrektsson et al. \[[@CR12]\] and the classification of Misch \[[@CR13]\].

From December 2015 to January 2016, the patients were surveyed regarding their degree of satisfaction with the implants. The satisfaction items were chewing ability, esthetic appearance, and overall satisfaction \[[@CR14], [@CR16]\]. Each survey question was graded on a 5-point Likert scale: highly satisfied, satisfied, partially satisfied, unsatisfied, and highly unsatisfied. The survey was performed in subjects through a face-to-face interview by trained personnel.

Statistical analysis {#Sec3}
--------------------

To analyze the risk factors for implant failure with time-to-event data, we used a Cox proportional hazard model. The model assumed that the time that passed before implant failure occurred might be associated with the covariates. We applied Bayesian hierarchical analysis \[[@CR17], [@CR18]\] to the Cox model because the sample of completely edentulous jaws was relatively small and we wanted to control for the variation of independent variables among the patients. The model assumed that patient characteristics might affect implant survival (random effects). The model is elaborated in Eq. [1](#Equ1){ref-type=""}:$$\documentclass[12pt]{minimal}
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where *i* and *j* represent an individual implant and patient, respectively. *h*~*ij*~(*t*) is the instantaneous hazard rate, in which the effects of the independent variables were considered during the finite observation period Δt, and *h*~0~(*t*) is the baseline hazard ratio. In Equation ([1](#Equ1){ref-type=""}), *μ*~*j*~ represents the random effect and is assumed to follow a normal distribution with a mean of 0 and a variance of $\documentclass[12pt]{minimal}
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Based on previous studies, the following covariates were selected for the current study: sex; age; the presence of chronic systemic diseases such as diabetes mellitus or hypertension; the implant position which is also related to immediate loading (we applied immediate loading to the mandible, and delayed loading to the maxilla); supplemental surgical procedures used (sinus lift and bone graft); the diameter and length of the implant fixture; and immediate placement. The patients were subdivided into three age groups: \< 60 years, 60 to 70 years, and ≥ 70 years.

Bayesian analysis was performed using integrated nested Laplace approximation \[[@CR19]\] with a statistical package R version 3.2.3. The equality of survivor functions between groups were tested with log-rank test, and the level of statistical significance was set at *p* \< 0.05.

Results {#Sec4}
=======

The total number of patients included in the study was 26 (52 jaws), the mean observation period was 55 months (minimum 19 months, maximum 87 months), and 5 patients were lost to follow-up. Of all 26 patients (52 jaws), more than two-thirds were male, and the mean age was 58.9 years. Patients aged ≥70 years (mean, 75.9 years) accounted for 23.8% of the total subjects. One-quarter of subjects had one of the chronic diseases. At the time of implant placement, approximately 12.7 teeth were extracted per patient, and more than 52% of all 370 (194 implants) were immediately placed implants. The mean number of immediately placed implants was 3.96 and 3.50 in the maxilla and in the mandible, respectively, and tended to be inverse to age in the maxilla (*p* \< 0.001). Overall, an inverse relationship was shown between age and implant diameter, but there was no statistically significant relationship between the length of the implant and the age group. The mean number of installed implants was 8.11 in the maxilla and 6.12 in the mandible (Table [1](#Tab1){ref-type="table"}).Table 1Characteristics of subjects and installed implantsAge groupMale^b^Immediate placementDelayed placementChronicLthDia^a^Mx^b^MdChronicLth^a^Dia^b^Mx^b^Md^a^\< 600.880.2710.544.485.594.180.369.914.582.471.8860--700.670.0010.794.071.001.330.0010.773.837.004.67\> 700.160.2410.334.010.832.670.6010.893.877.503.67Total0.690.2510.534.413.963.500.3810.454.164.152.62^a^*p* \< 0.05; ^b^*p* \< 0.001"Male" represents the proportion of males by age groups*Dia* Diameter and *Lth* length of implants are presented in millimeters (mm)*Mx* maxilla and *Md* mandible represent a mean number of immediately placed implants and delayed placed implants in the maxilla and mandible, respectively

Six implants from 5 patients (1.6%) failed; two failed within the first year, and another one failed in the second year in the delayed loading maxillary implants. Two failures were recorded in the first year and one in seven years for the immediate loading mandibular implants. Among six failed implants, half were immediately placed implants (Table [2](#Tab2){ref-type="table"}).Table 2Characteristics of the failed implantsPatient IDSexAge groupChronicImmediate loading/Delayed loadingImmediate placement/Delayed placementNo. of implants per prosthesisNo. of immediately placed implantsTime of failure (months)9male\<  60noILIP85210male\>  70noILIP836711male60--70noILDP86512male\<  60noDLIP66526male\<  60noDLDP63626male\<  60noDLDP6315*IL* immediate loading, *DL* delayed loading, *IP* immediate placement, *DP* delayed placement

The 1-, 3-, 5-, and 7-year CSRs were 0.989, 0.986, 0.986, and 0.978, respectively (Table [3](#Tab3){ref-type="table"}). The 7-year CSR of immediate loading was 0.968 and 0.986 of delayed loading, and was not statistically different (*p* = 0.72). Differences in the CSR depended on the length of the implant; a longer implant was significantly associated with a higher survival rate (*p* \< 0.01). The 7-year CSRs for implants of \> 12, 10 to 12, and \< 10 mm were 1.000, 0.990, and 0.962, respectively. The 7-year survival rates were not significantly different between the immediate placement and delayed conventional placement (Fig. [3](#Fig3){ref-type="fig"}).Table 3Cumulative survival risks by observation timeClassificationTime (month)n.risk^a^EventCSR*p*-value95% CITotal1236640.989--(0.9791.000)3628910.986(0.9750.998)6014200.986(0.9750.998)729710.978(0.9570.999)844100.978(0.9570.999)Loading type Immediate1215720.9870.72(0.9701.000)3612200.987(0.9701.000)606400.987(0.9701.000)724410.968(0.9281.000)841900.968(0.9281.000) Delayed1220920.991(0.9781.000)3616710.986(0.9701.000)607800.986(0.9701.000)725300.986(0.9701.000)842200.986(0.9701.000)Implant length  \< 12 mm123801.000\>  0.01(1.0001.000)363301.000(1.0001.000)602101.000(1.0001.000)722001.000(1.0001.000)841201.000(1.0001.000) 10--12 mm1210301.000(1.0001.000)368710.990(0.9721.000)605000.990(0.9721.000)723300.990(0.9721.000)841300.990(0.9721.000)  \> 10 mm1222540.983(0.9661.000)3616900.983(0.9661.000)607100.983(0.9661.000)724410.962(0.9191.000)841600.962(0.9191.000)^a^n.risk refers to the number of implants at risk, *CSR* cumulative survival rateFig. 3Implant survival rates by implant length and types of implant

Table [4](#Tab4){ref-type="table"} shows the relative hazard ratios of factors affecting the failure rates of the 370 implants. Immediate placement and immediate loading were not risk factors for implant failure in these subjects. Of all the risk factors, however, only the length of the implant demonstrated statistical significance. The length of the implant was negatively correlated with the probability of implant failure. The variance of *μ*~*j*~ was relatively small due to the large value of precision (τ) of *μ*~*j*~.Table 4Results of Cox proportional hazard modelVariablesCoefficientSDExp (Coef)95% Credible intervalSex−7.4411.220.00−33.908.63Age 60--70−0.761.330.47−3.591.63Age \> 70−0.400.660.67−1.590.98Chronic−6.2911.760.00−34.0110.52Delayed loading−1.271.190.28−3.850.81Diameter−1.020.780.36−2.670.41Length−0.730.380.48−1.53− 0.03Sinus lift2.641.4513.98− 0.005.69Immediate placement0.550.931.73− 1.282.38*SD* standard deviation, *Exp Coef* Exponential of Coefficient

The patients reported a high degree of satisfaction irrespective of their age group or length of time following implant placement (Table [5](#Tab5){ref-type="table"}). Of all 26 patients, 19 participated in the satisfaction questionnaire (2 stayed abroad (patient ID-16 and 23), 4 were lost to follow-up, and 1 died) and rated their overall satisfaction of full-arch implant rehabilitation as "highly satisfied." Most of them (above 95%) also scored both their chewing ability and esthetic outcome as above "satisfied," but chewing ability received a higher score than esthetic satisfaction. None of these responses were statistically significant with respect to the age group or length of the observation period.Table 5Patient satisfaction with the implantsChewingEstheticOverall satisfactionHSSAOthers (1)HSSAOthers (1)HSOthers (2)Age (years)  \< 507 (100.0)0 (0.0)0 (0.0)6 (85.7)1 (14.3)0 (0.0)7 (100)0 (0.0) 50--609 (100.0)0 (0.0)0 (0.0)4 (44.4)4 (44.4)1 (11.1)9 (100)0 (0.0)  \> 602 (67.7)1 (33.3)0 (0.0)2 (66.7)1 (33.3)0 (0.0)3 (100)0 (0.0)Observation period (months)  \< 3611 (100.0)0 (0.0)0 (0.0)9 (81.8)1 (9.1)1 (9.1)11 (100)0 (0.0) 37--595 (100.0)0 (0.0)0 (0.0)2 (40.0)3 (60.0)0 (0.0)5 (100)0 (0.0)  \> 602 (66.7)1 (33.3)0 (0.0)1 (33.3)2 (66.7)0 (0.0)3 (100)0 (0.0)Satisfaction was measured with a 5-point Likert scale; *HS* highly satisfied, *SA* satisfied, and others (1) include partially satisfied, unsatisfied, and highly unsatisfied, and others (2) include satisfied, partially satisfied, unsatisfied, and highly unsatisfiedData are presented as frequency (%)

Discussion {#Sec5}
==========

In this study, we evaluated patient satisfaction and factors affecting implant failure of immediate placement and immediate loading rehabilitation in completely edentulous jaws. Bayesian Cox regression analysis demonstrated that only the length of the implant affected implant failure rates. Furthermore, the survey of patient satisfaction for 1.5 to 7.0 years after implant placement revealed a high degree of satisfaction, and no statistically significant differences in patient satisfaction occurred over time.

The survival rates of the implants in completely edentulous jaws in this study were similar to those reported in previous studies. In one study of the edentulous maxilla with the full arch modality supported by four to eight implants, the 3- to 10-year survival rate was approximately 95.5 to 97.9% \[[@CR20]\]. Clinically, the number of implants required for restoration of a fixed prosthesis in edentulous patients is 6 to 8 in the maxilla and 4 to 10 in the mandible \[[@CR20]\]. Several studies of Korean patients have also reported that a 6 to 8 in the maxilla and 4 to 10 in the mandible protocol was accepted with high esthetic and functional satisfaction \[[@CR21], [@CR22]\]. Del Fabbro et al. \[[@CR23]\] reviewed the survival rates of immediately loaded implants and reported that the average number of implants needed for rehabilitation was 4.54 for the mandible and 7.82 for the maxilla on average, and the associated survival rates were 97.25 and 98.24%, respectively. Seo et al. \[[@CR24]\] reported a 3-year CSR of 98.6% for 6 to 10 immediately loaded implants in 17 edentulous mandibles, indicating that placement of 6 to 10 immediately loaded implants was a stable procedure in edentulous Korean patients. These findings demonstrate the acceptable reliability of implant rehabilitation in the present study.

The protocol applied in this study was an immediate placement and immediate loading procedure in the mandible and immediate placement in the maxilla. A study of the effectiveness of the immediate placement and immediate loading protocol in mandibular edentulous patients with more than 5 implants showed a 98% CSR for fixtures and a 100% CSR for the prosthesis \[[@CR25]\]. According to a 5-year retrospective study of 6--12 immediately placed implants and immediately loaded fixed prostheses with maxillary edentulous patients, the CSR for less than 10 implants was 99.29 and 96.30% for more than 10 implants \[[@CR9]\]. In addition, the number of implants for an immediately loaded protocol with cross-arch fixed dental prostheses was 2 to 6 \[[@CR6], [@CR8], [@CR26]--[@CR29]\] in the mandible and 4 to 12 in the maxilla \[[@CR8], [@CR9], [@CR27], [@CR28], [@CR30], [@CR31]\]. Testori et al. \[[@CR15]\] reported that the CSR difference of immediate loading and delayed loading was not statistically significant, indicating that the advantage of immediate loading was not significantly different from delayed loading. The above results are in agreement with the findings of the present study, which means that immediate loading did not adversely affect the 7-year CSR for implant survival.

In the present study, sex and age had no effect on implant failure. The findings of previous studies examining the effects of sex and age on implant survival were somewhat controversial. Degidi et al. \[[@CR9]\] reported that the probability of prosthesis failure was lower in women, and older patients demonstrated an increased probability of implant failure. On the other hand, Krebs et al. \[[@CR32]\] reported a CSR of 93.7% in women, which was higher than the CSR of 92.8% in men at 204 months. The authors also reported that no statistically significant differences between age groups were detected within the first year. French et al. \[[@CR33]\] also reported that the possibility of treatment failure was higher in men. However, Busenlechner et al. \[[@CR34]\] stated that there was no evidence that older age was a risk factor for implant survival.

Many studies have suggested that systemic conditions might be related to treatment failure after implant placement. Autoimmune diseases are associated with failure \[[@CR33]\], and early implant failure is associated with osteoporosis \[[@CR35]\]. Chen et al. \[[@CR36]\] performed a meta-analysis and demonstrated that the presence of diabetes mellitus and osteoporosis were not risk factors. In the present study, patients with hypertension and type 2 diabetes mellitus demonstrated similar results as patients in previous studies \[[@CR37]\], and this might be because they were systemically controlled.

Physical properties, such as the diameter and length of the implants, also affect the survival of the implant. Krebs et al. \[[@CR32]\] reported that there was no significant difference in the CSR for implants with a diameter of 4.5, 5.5, or 7.0 mm. Degidi et al. \[[@CR9]\] noted, however, that the rate of failure was higher for implants with a larger diameter (\> 5.25 mm). The length of the implant is a key element in achieving the maximum strength of primary stability \[[@CR30]\]. French et al. \[[@CR33]\] reported that the 7-year CSR of implants with lengths of 6, 8, and ≥ 10 mm were 96, 98, and 99%, respectively. Meanwhile, in a study in which the survival rate of 980 implants was analyzed \[[@CR38]\], the length of the implant had no significant correlation with the implant survival rate. In the present study, the implant diameter did not affect implant survival, but the implant length demonstrated a statistically significant correlation with the survival rate. The probable reasons might be that increasing implant length plays an important role in reducing bone stress and improving implant stability in poor-quality bones \[[@CR39]\]. In addition, more is the implant length, greater is the primary stability of the implant \[[@CR40]\].

Patient satisfaction with clinical outcome is a critical factor associated with an improved quality of treatment \[[@CR10]\]. Patient-centered measures such as patient satisfaction should be simultaneously evaluated with objective evidence (survival rate, bone height, etc.) in implant studies \[[@CR36], [@CR37]\]. However, studies of implant survival have mainly focused on patient characteristics or the physical properties of the implant, and most have been based on clinical evidence demonstrating implant survival. A study that evaluated patient satisfaction using the Oral Health Impact Profile 49 reported a significant degree of patient satisfaction with implant treatment \[[@CR41]\]. The authors of that study claimed that implant therapy improved the psychological well-being of patients, improved functionality, and enhanced the general health status. In the present study, there was a high degree of patient satisfaction regardless of patient age or the length of the period following implant placement, which is also consistent with previous studies \[[@CR14], [@CR16], [@CR31]\].

There are some limitations. First, this study had insufficient clinical data (e.g., marginal bone levels etc.) due to the retrospective approach based on clinical data. Second, this study implies the possibility of selection bias because the sample was convenient and small. This might be considered insufficient to generalize the findings. Nonetheless, the CRS over a seven-year period and the Cox regression results were substantial. The benefits of the study were the combination of clinical results and patient-centered outcome associated with immediately placed implants with full-arch rehabilitation and the relatively long observation periods. Use of the Bayesian hierarchical model also improved the statistical power in the present study. However, to improve the reliability and validity of the findings, the study needed to include the key clinical measures and to increase the number of study participants.

Conclusions {#Sec6}
===========

The methods applied in this study might be considered an alternative procedure by which a sufficient level of reliability can be accepted based on the maximum 7-year CSR of 97.9%. It also demonstrates that the risk of implant failure was associated with only the length of implant. A high degree of patient satisfaction, in terms of chewing ability and esthetics, was achieved with either immediate or delayed loading protocols.

CSR

:   Cumulative survival rate

Exp

:   Exponential

HS

:   Highly satisfied

n.risk

:   Number of implants at risk

SA

:   Satisfied

SD

:   Standard deviation

The study was funded by institutional funds from Wonkwang University in 2016.

Funding {#FPar1}
=======

The study was funded by institutional funds from Wonkwang University.

Availability of data and materials {#FPar2}
==================================

Datasets the current study are not publicly available to protect the anonymity of the respondents.

KH conception and design of the study, acquisition of data, drafting of the manuscript, and critical revision of the manuscript. SH analysis and interpretation of data, drafting of the manuscript, and revising the manuscript critically for important intellectual content. CH acquisition of data, critical revision of the questionnaire, and analysis and interpretation of data. KY drafting of the manuscript and recruitment of participants. All the authors read and approved the final draft of the manuscript.

Ethics approval and consent to participate {#FPar3}
==========================================

The study was approved by the Wonkwang University of Institutional Review Board (WKIRB-201511-BM-002). Written informed consent in the study was given by all participants.

Consent for publication {#FPar4}
=======================

Not applicable.

Competing interests {#FPar5}
===================

The authors declare that they have no competing interests.

Publisher's Note {#FPar6}
================

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.
